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Abstract 
Global Navigation Satellite System-Reflectometry (GNSS-R) is a new promising remote sensing technique, due to 
its small volume, light weight, low cost and possibly high time and spatial resolutions. In principle, GNSS-R is a kind 
of bistatic radar. Bi-MIMICS (Bistatic MIMICS) model is a bistatic forest scattering model which is developed from 
the backscattering model MIMICS (Michigan Microwave Canopy Scattering). The first-order full polarimetric 
transformation matrix relates the incident intensity and the scattering intensity. Using the different kinds of modified 
stokes vector, bistatic scattering coefficients of any transmit and receive polarizations can be achieved. Numerical 
simulations of linear polarization, circular polarization and 45°linear polarization are given. Finally, simulations are 
carried out when the transmitted signal is RHCH and the received signals polarizations are RHCP, LHCP, H and V. 
Bi-mimics of different polarizations will be a vegetation scattering model for the GNSS-R polarimetry study. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
GNSS-R is a new kind of remote sensing technique, which attracts much attention in the past decades 
[1] . GPS of America, Galileo of Europe, GLONASS of Russia and Beidou of China are the free and 
efficient transmitters, so no special designed transmitters are needed. A corresponding GNSS-R receiver 
is needed to collect and record the land or ocean surface reflected signals. See as in Fig. 1. Low cost, 
small power, high spatial and time resolutions are the advantages of GNSS-R remote sensing (GNSS-R 
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RS). GNSS-R is an efficient monitoring technique of mesoscale ocean study. Meanwhile, it has been a 
good way of soil moisture monitoring and vegetation biomass evaluations. 
Fig. 1.  GNSS-R Geometry
The transmitted signal is RHCP polarization, when this direct signal interacts with land or ocean 
surface, depolarization occurred and RHCP flipped. The change of polarization should be considered in 
GNSS-R remote sensing and will probably provide information of the observed earth surface. More 
information about antennas of different GNSS-R receivers is summarized below. 
The transmitted signal is RHCP, polarization of receiver are LHCP, H and V[2] . Z-V model is used as 
the physical model to simulate the receiver power. Different polarization ratios of HR/VR，RR/RL to 
retrieve soil moisture are considered. Assume that the soil ground is homogeneous, and then two factors 
affect the received power: one is polarization sensitive factor which relates to dielectric constant of soil. 
The other one is polarization insensitive which relates to soil roughness. Therefore the orthogonal 
polarization ratio of average power can cancel roughness effects and retrieve soil moisture efficiently. 
But the results cannot be assumed in BAO tower experiment [3] .  
BAO tower [3] of 300m experiment aiming of GPS-R was taken in Erie during the summer of 2002. 
The receiver was manufactured by NASA Lanley Research Centre. Different polarizations and different 
gains of the receiver antennas were its specialties. The low gain antenna pointing the zenith received the 
direct GPS signal. Five different antennas pointing to the ground received the reflected power: one is low 
gain of LHCP, the other four high gain (~12dB) endfire antennas are V pol, H pol, RHCP pol and LHCP 
pol. The received surface reflected signals have a strong correlation with rain. The high gain antenna 
increases the dynamic range of received signal, decreases the effects of multipath: When the soil moisture 
is high, the correlation between the reflected signal and soil moisture is high, and vice versa.  
Spanish researchers use Interference Pattern Technique (IPT) to retrieve surface topography, soil 
moisture and vegetation information [4, 5]. Different from the Modified Delay Doppler Mapper(DMR) 
receivers[2, 3] used in above studies, the instrument is a ground-based SMIGOL reflectometry. The 
receiver’s antenna is V polarization and points to the horizon. Because the Brewster angle is a function of 
soil dielectric constant, it is related to the soil moisture. V polarization records this information, but H 
polarization cannot. It will mask the information of Brewster angle when using the LHCP polarization. 
In summary, different receivers have different polarizations of antennas. The polarization information 
will provide some useful information of the ocean or land surfaces. This paper takes some numerical 
simulations of linear polarization, circular polarization and the popular used 45degree linear using the 
bistatic scattering model Bi-mimics, which will be the basic theoretical study tool of vegetated-covered 
soil moisture and vegetation study of GNSS-R. 
GNSS
Incident signal 
Reflected signal 
Ocean or land surface 
GNSS-R
Direct signal 
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2. Bi-mimics model 
Bi-mimics model [6]  is a bistatic forest scattering model; it is based on the first-order Radiative 
Transfer model. The first-order full-polarimetric transformation matrix T relates the incident intensity 
( ),i i iI θ ϕ  and scattering intensity ( ),s s sI θ ϕ . Where ( ),i iθ ϕ   and ( ),s sθ ϕ  are the zenith and azimuth 
angles of incident and scattering directions. 
( ) ( ) ( ), , ,s s s s s i i iI T Iθ ϕ θ ϕ θ ϕ=                                                                                                            (1) 
Bi-mimics model is developed by the following way: Mimics model [7] is a backscattering model, 
scattering zenith and azimuth angles are added in Mimics and therefore the phase matrix and extinction 
matrix should be modified accordingly, detail information is given in Pan Liang’s paper [6].
Due to the lack of in-situ bistatic radar data, the angles in Bi-mimics have been changed to 
backscattering direction to calibrate the bistatic model.  
As for linear polarization, T can be used to calculate the bistatic scattering coefficients of the total 
canopy [7] . 
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In fact, the matrix T can be used to calculate the bistatic coefficients of any transmit and receive 
polarization combinations using the following technique of wave synthesis [7] .
( ), , , 4 r trt r r t t m m mY M Yσ ψ χ ψ χ π=                                                                                                         (3) 
r and t are the polarizations of transmit and receive. tmY  and 
r
mY are the normalized modified stokes 
vectors. Mm is the modified Mueller matrix. Modified stokes vectors are given in Table 1. Notice that, 
the ellipticity in Mimics and Bi-mimics model is defined with respect to the vertical polarization axis 
instead of H polarization axis in paper [8] . 
Table 1. Stokes vectors and modified stokes vectors for linear polarizations, 45°linear polarizations and circular polarizations
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3. Numerical simulations of different polarizations 
Bi-mimics model is modified to calculate bistatic scattering coefficients of different polarizations using 
the corresponding stokes vectors. Numerical simulations for different scattering coefficients are taken at 
the linear polarizations, circular polarizations and 45° linear polarizations. Aspen in Mimics handbook [7]
is used as the Bi-mimics model input. The incident zenith angle is 30°, scattering one is from 10°to
70°. The azimuth angle of incident is 0°, while the scattering one is 120°. Simulation results are 
shown in Fig. 1. 
As it can be seen in the simulations of Fig. 1, the bistatic scattering coefficients trend of different 
polarizations are very similar. This figure indicates that it is a trunk-dominated canopy since we observe a 
scattering peak at 30i sθ θ= = D , which is the contribution of trunk. Notice that there is no bistatic scattering 
in the following angle ranges: 10°~35°of +/+45° linear polarization; 30i sθ θ= = D of -/-45° linear 
polarization; 10°~25°of RL and LR polarization; as for the like polarizations and cross polarizations: 
some differences exist in linear polarization ,VV HH VH HVσ σ σ σ≠ ≠D D D D ; they are the same in circular 
polarization: ,RR LL RL LRσ σ σ σ= =D D D D , which is due to the azimuth symmetry of the vegetation canopy; as for 
the 45° linear polarization, there is a little difference. 
                                  (a)                                                                   (b) 
(c)                                                                         (d) 
Fig. 2. Total scattering versus scattering zenith angle. A is the simulations of  VV pol, RR pol and +/+45°linear pol; B is the 
simulations of HH pol、LL pol and linear  pol of -/-45°; C is the simulations of VH pol, RL pol and ﹢/﹣45°linear pol; D is the 
simulations of HV pol, LR pol and linear pol  of -/﹢45°
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So the applicability of the angle ranges should be noticed if the corresponding polarization of antenna is 
used. 
As we have known, the signal transmitted by the GNSS is RHCP, when this direct signal reflects from 
the earth surface, its polarizations changed. Proper use of the attenna polarizations will decrease the signals 
loss, which will be very useful for the weak GNSS-R signals.  Now we will do some simulations when the 
received antenna signals are RHCP, LHCP, H and V polarizations. The indent angles and scattering angles 
are the same as in Fig 1. Simulation results are in Fig 2. The first sign in the legend is the polarization of 
the transmitted signal; the second sign in the legend is the polarization of the received signal. For example, 
RR indicates that the incident polarization is RHCP, while the received polarization is also RHCP, so as 
RL, RH and RV. 
Figure 3.Total scattering versus scattering zenith angle. The transmitted signal is RHCP, the received signals are RHCP, LHCP, H and 
V polarizations. 
Simulations in figure 2 indicate that the trend of RR, RL, RH and RV are almost the same. There is no 
bistatic scattering for  RL before 30°scattering angles. As for 10°~25°, RR>RH>RV; at the specular 
scattering angle 30s iθ θ= = D , RL>RH>RV>RR; when sθ between 35°and 70°, no fixed order for 
RR,RL,RH and RV. 
Now the bistatic scattering model Bi-mimics is modified to calculate scattering coefficients of any 
polarizations (transmitted and received signals), in order for GNSS-R polarimetry study. 
4. Conclusions 
As a new remote sensing technique, GNSS-R has been attracted much attention over ocean and land in 
the past decade. GNSS-R receiver is developed in order to maximize the reflected signal at or near the 
earth surface.  This paper is based on bi-mimics model; different polarizations of linear, circular and 45 
linear polarizations have been achieved by the use of corresponding modified stokes vectors. There is a 
scattering peak as for the trunk-dominated canopy. Some angle ranges have no scattering coefficients, 
which should be noticed if the corresponding antennas are used. This work will probably provide a 
theoretical scattering model for vegetated covered soil and vegetation canopy so as for the study of GNSS-
R polarimetry. The polarimetric information of GNSS-R will probably provide more information of the 
earth surface, but further study is still needed and experimental data should be used to calibrate this model.  
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